Abstract. Electrophoretic and isoelectric focusing analyses of liver proteins of the steamer-ducks, Tachyeres patachonicus, T. pteneres, T. brachypterus, and T. leucocephalus, show these species to be distinct genetically, with the latter three species being more closely related to one another than any one of them is to T. patachonicus. There is also significant differentiation among populations of T. 
We have used the techniques of starch-gel electrophoresis and isoelectric focusing in agarose gel to examine the allozyme variation in each of the four currently recognized species of Tachyeres and in four geographically isolated populations of the Flying Steamer-Duck, T. patachonicus. Here we present these data and the results of phylogenetic and population genetic analyses based on them. (Pep-A, 3 .4.11.1 l), leucyl-glycyl-glycine dipeptidase (Pep-B, 3.4.11.4) and leucyl-alanine dipeptidase (Pep-C, 3.4.11). The monomorphic loci are: aspartate amino-transferase-2 (Got-2, 2.6.1. l), glucose phosphomutase-1 and -2 (Pgm-1 and Pgm-2, 5.4.2.2), isocitrate dehydrogenase (I&, 1.1.1.42) and glucose-6-phosphate isomerase-1 (Gpi-1, 5.3.1.9). The loci we were unable to score following IEF included the three dipeptidases, cr-glycerol phosphate dehydrogenase, and malic enzyme. For the IEF gels, the agarose was prepared by adding 1.10 ml of pH 3-10 carrier ampholyte (Sigma Pharmalyte No. P-1522) to a 70°C solution containing 0.19 g agarose, 2.3 g sucrose, and 17.4 ml distilled water (Agarose IEF, Pharmacia; IsoGel, FMC, and Agarose No. A-4905, Sigma, were used). Gels were allowed to cure for a minimum of 12 hr at 4°C prior to use. The anodal electrode wick contained 1 M H,PO, and the cathodal wick contained 0.2 N NaOH. Two lambda of each of 40 extracts were then applied directly to the agarose gel within 0.5-x 2-x 7-mm wells made by placing a plastic template on the gel surface. IEF was begun only after the extracts had soaked into the gel. During IEF the limiting settings were 1,800 v and 25 ma, with the power being increased from 5 w to 7, 9, and 11 w at 15, 30, and 45 min into the run. Thereafter, IEF was continued until the wattage dropped back to 3, which took from 1.5 to 2 hr. Following IEF, the gels were assayed for the above named enzymes using agar overlays, based on the recipes of Shaw and Prasad ( The restricted data set was used in calculating timated from the observed genotypic (electro-the fixation indices F,, and F,,, estimates of gene morph) distributions, and these estimates were flow, Nm, and four measures of genetic distance. then used in the other genetic and statistical analThe estimation of coancestry among populations yses. For the estimation of heterozygosities we of T. patachonicus by means of F,, analysis used used the data set based on 15 loci for T. patathe method of Wright (1965 Wright ( , 1978 Gene how between localities of the Flying Steamer-Duck (T. patachonicus) was estimated as Nm, the number of migrants per generation (Slatkin 1985 The dendrogram depicting the evolutionary relationships of taxa (Fig. 1 ) was constructed as a consensus Wagner tree based on the minimum spanning network algorithms of Farris (1972 Farris ( , 1973 . This tree is the consensus of 1,000 trees generated from randomly selected subsets of the allelic frequencies in Table 1 , but bootstrapped over loci (Felsenstein 1985) . Each of the 1,000 trees was based on genetic distances estimated from a random sample of the data of five polymorphic loci characterized by IEF plus the five monomorphic loci. Nodes and branch assignments were established by majority rule rather than by the 95% rule suggested by Felsenstein (1985). Thus, the nodes chosen occurred either in a majority of the 1,000 trees or were the most frequent alternative compatible with the majority-rule branch and node assignments.
RESULTS
The percent of polymorphic loci in the different species was as follows: 66.7% in T. patachonicus (10 of 15 loci), 26.7% in T. pteneres (4 of 15 loci), 46.7% in T. leucocephalus (7 of 15 loci), and 30% in T. bruchypterus (3 of 10 loci). Allelic frequencies of the five polymorphic loci examined in all samples are given in Tables 1 and 2, and Table  1 contains the data used in the interpopulation comparisons of F-statistics. The data in Table 2 , along with those of columns three and four of Table 1 (Fig. 1) in which the branch lengths are the fitted arc distances of Cavalli-Sforza and Edwards (1967). This tree had the following majority percentages for the branch/node assignments: T. brachypterus joined node 7, which connects it to T. leucocephalus, in 60.6% of the trees. Tachyeres leucocephalus connected to node 7 in 58.5% of the trees. Tachyerespteneres joins node 8, which connects it via node 7 to T. brachypterus and T. leucocephalus, in 40.2% of all trees. Tachyeres patachonicus (Co) connects via node 9 to node 8 in 99.8% of the trees, T. patachonicus (AL) joins via node 9 in 75.5% of all trees, and T. patachonicus (Ch) connects via node 9 in 83.2% of the trees. For the among-populations relationships within T. patachonicus, the Atlantic coastal population (Co) joins the tree at node 10, which connects it to the Andean lakes (Fig. I) is identical to that derived by Livezey (1986b) and differs in two major ways from a nonconsensus Wagner tree based on a single sampling of the genetic distance data of Table 5 On the basis of Livezey' s (1986b) morphological analysis, it appears that Tuchyeres is a highly derived genus of shelduck, tribe Tadornini, which also includes the genus Chloephaga. Since we had electrophoretic data from one specimen of Chloephaga picta, this species was used as an outgroup in a separate comparison using Nei' s unbiased genetic distance (Table 4) to carry out an UPGMA analysis. Based on these results, the branch leading to Chloephaga would join the tree shown in Figure 1 between the cluster of species including T. brachypterus, T. pteneres, and T. leucocephalus on the one hand, and the populations of T. patachonicus on the other. This pattern also is consistent both with the cladogram of Livezey (1986b) and with the hypothesis that T. patachonicus is the most primitive member of Tachyeres.
Livezey (1986b) provided a biogeographic hypothesis for the evolution of Tachyeres (Fig. 1) that takes account of the major glacial vicariance events in southern South America over the latter This hypothesis is parsimonious in that the nonflying species evolved from the more widely distributed flier, T. patachonicus, and it seems plausible on the basis of the current geographic distributions of the species. Furthermore, it offers an evolutionary sequence in which a monotonic evolutionary trend toward increasing body mass and wing loading culminates in the most derived member of the genus, T. pteneres.
We now take the date of 60,000 years ago as an estimate of the time of the vicariance event that separated the lineage leading to T. patachonicus from that leading to the other three species, and use it to calibrate an evolutionary clock. For this clock we fit Nei' s unbiased genetic distances (Table 4) A significant number of avian species has now been examined electrophoretically, and the heterozygosity data of these studies have been summarized by Corbin (1983 Corbin ( , 1987 and Barrowclough (1983). The average I? for 21 species of nonpasserines is 0.076 * 0.072, I? for 55 species ofpasserines is 0.062 I~I 0.035, and for all species and studies combined, R is 0.066 t-0.046 (Corbin 1987). In a subset of these studies, which accounts for 30 avian species whose breeding populations were well analyzed in terms of numbers of individuals and number of loci analyzed, the average value of l? is 0.053 * 0.028 (Barrowclough 1983). Bearing in mind that we have examined a limited number of loci, the heterozygosity values of T. patachonicus, T. pteneres, and T. brachypterus apparently are higher than are the heterozygosities for birds in general. The value of A for T. leucocephalus, however, is only slightly higher than the average for nonpasserine species. Slatkin (1985) has provided a method for the estimation of gene flow, or number of migrants per generation, among demes that uses the dis
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